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I. EXECUTIVE SUMMARY 
 
The Generation Challenge Programme (GCP) is a 10-year initiative of the Consultative Group on 
International Agricultural Research (CGIAR), focusing on crop improvement with an emphasis on 
drought tolerance. Designed in two five-year phases (2004–2008 and 2009–2013, with 2014 as a wind-
up year), GCP’s Phase II workplan builds on a set of seven focused research components, supported by 
an integrated service component. This proposal centres on the research components, which aim to 
demonstrate – through selected user cases of the service component – that modern and integrated 
breeding approaches can have a significant impact on crop productivity in developing countries.  
 
This research project targets mainly plant scientists and breeders in developing countries to provide 
better germplasm, tools, services and capacities for developing crop varieties with enhanced resilience 
and productivity for resource-poor farmers in stress-prone agroecologies in Sub-Saharan Africa, South 
and South-East Asia and Latin America. 
 
The seven research components are organised by crop and crop clusters: Cereals – 1) maize 2) rice 3) 
sorghum 4) wheat 5) comparative genomics on maize, rice and sorghum; 6) Legumes (beans, 
chickpeas, cowpeas); and Roots and tubers – 7) cassava. They are trait-specific, focusing primarily on 
drought tolerance, alongside other key biotic and abiotic stresses such as pests and diseases, and 
phosphorous deficiency and aluminium toxicity. They are also region-specific, covering 19 countries 
in Asia (China, India, Indonesia, Thailand, Philippines, and Vietnam), Latin America (Brazil, 
Colombia, Mexico, Nicaragua) and sub-Saharan Africa (Burkina Faso, Ethiopia, Ghana, Kenya, Mali, 
Mozambique, Niger, Nigeria, Senegal, Tanzania, and Uganda). 
Capacity-building and crop data management are both fully integrated into the components, and not 
treated as stand-alone concepts. 
 
Each research component has a product Delivery Plan. The Plan requires that project teams clearly 
identify – a priori – the tangible products that will be generated from project outputs.  These products 
are deployed along the entire research pipeline, from characterisation of genetic diversity up to 
molecular breeding. They include genetic and genomic resources; molecular markers for target traits; 
innovative tools, technologies and methodologies; learning materials; and ultimately, more resilient 
and higher-yielding germplasm for farmers in harsh resource-poor cropping systems.  
 
With a focus on the needs identified by developing-country programmes, and with the help and support 
of crop CGIAR Centres and selected Universities, the major outputs of this proposal will be broadening 
and intensifying the application of modern technologies in plant breeding, and generating improved 
germplasm for target crops. Expected outcomes from the utilisation of these research products include 
enhanced capacity of developing-country partners to conduct molecular breeding experiments and 
more efficient exchange of crop information within and across regions. The overall major outcome of 
the Research Initiatives will hence be improved breeding programmes, achieved by enabling scientists in 
those developing countries to access and adopt modern breeding technologies, thus increasing their 
efficiency in producing germplasm enhanced with desirable traits that boost food security.Overall, the 
result would be enhanced food security, better nutrition and improved incomes and livelihoods in the 
targeted agro-ecologies. 
 
Vibrant communities of practice (CoPs) are proposed to anchor Phase II capacity building and provide 
mechanisms for sustainable delivery and use of research products beyond GCP’s existence. 
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II. BACKGROUND 
a. The context 
Food security in the developing world is one of the greatest global challenges, exacerbated by global 
economic upheavals and climate change.  
 
Phenomenal growth in scientific knowledge and innovation and advances in information and 
communication technology (ICT) over the past two decades have jointly provided new tools, avenues 
and resources to address food security. The global agricultural research agenda must take advantage of 
this progress to enhance the agricultural knowledge base and provide innovative solutions to the 
pressing problems of the day. 
 
Additionally, biological sciences are now extremely ‘data-rich’. This quantitative nature of modern 
biology demands closer collaboration between biologists and informaticians, as well as strong 
partnerships across sectors and disciplines, and between developing and developed country 
researchers.  
 
The concurrent revolutions in genomics, molecular biology and information technology offer 
unprecedented opportunities to enhance breeding programmes. Consequently, molecular 
characterisation, accurate phenotyping, analytical tools and over-arching information systems must be 
integrated with breeding workflows combining pedigree, phenotypic, genotypic and adaptation data for 
better prediction of the performance of different genotypes in different environments.  
 
Integrated breeding harnesses the benefits of the technological gains above, and hastens genetic gain 
by combining phenotypic selection with cost-effective, precise, and faster molecular breeding methods. 
However, although molecular breeding approaches have proven to be of great benefit to the private 
sector, they have had limited impact in the public sector and in small enterprises –particularly in the 
developing world. The reasons for this vary, but include lack of appropriately trained personnel, 
inadequate high-throughput capacity, unreliable phenotyping practices and protocols, inadequate 
infrastructure, suboptimal information systems and poor tools for adaptable analysis, all with a 
common denominator of insufficient resources. This has slowed development of improved new 
cultivars, compromising food security given the demands of a growing world population.  
 
Service mechanisms to overcome these bottlenecks become imperative for the breeding effort 
projected under the seven CRPs grouped under Theme 3 of the new CGIAR that are responsible for 
genetic gain. 
b. GCP’s niche and approach 
GCP cultivates partnerships for innovative science, and conducts research to improve understanding of 
the genetic basis of target traits of agronomical importance to increase crop productivity in drought-
prone environments. 
 
Linking basic research with applied science, GCP generates useful knowledge and develops practical 
tools (such as molecular markers for target traits) to complement phenotypic selection, thereby 
boosting crop breeding efficiency in developing countries. In this way, GCP bridges the gap between 
high-tech bench scientists and the plant breeders and resource-poor farmers that our research is 
ultimately intended to help.  
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It is this duality that defines GCP’s particular niche within the CGIAR and the broader agricultural 
research-for-development community. 
c. The approach 
Over the last few years, GCP has continued to build on the foundations laid in the Programme’s 
formative years, and to refine our Strategic Framework. This refinement has been complemented by a 
set of reference studies – ex ante analyses that provide data on GCP’s impact targets (farming systems 
and crops). It has also been informed by our own critical self-appraisal and several external evaluations 
– an External Programme and Management Review (EPMR) commissioned by the CGIAR Science 
Council and reviews recommended by the European Commission.  
 
Accordingly, and for greater coherence with our strategy, the Management Team decided to sharpen 
the focus on key areas to promote meaningful impact by the programme’s close in December 2014. 
This exercise resulted in the identification of seven key Research Initiatives (RIs) in 2010 that are 
crop- and crop cluster-, region- and trait-specific as proof of concept to demonstrate that the use of 
molecular markers can increase breeding efficiency for marginal environments. 
 
The RIs are the vehicle for actualising our emphasis on product delivery, by building on products 
developed, achievements made and partnerships cultivated in GCP Phase I. The research conducted in 
these seven RIs is the core of the Trait capture for crop improvement project. 
 
While we anticipate and expect that the impact of the RIs will spill over beyond the selected target 
countries, impact on breeding programmes in the few focus countries for each RI is what will 
constitute our proofs of concept. GCP will continue to demonstrate that a research approach tapping 
into crop diversity and using modern biotechnology-based breeding can have impact on crop breeding 
in drought-prone environments. By so doing, we hope that other R&D initiatives and national 
governments will be willing to build on GCP achievements, and extend and enhance these 
achievements based on the same or largely similar approaches. 
 
III. RATIONALE: RELEVANCE AND LINKAGES 
 
This proposal addresses all four SLOs: reducing rural poverty, improving food security, improving 
nutrition and health, and sustainable management of natural resources.  
 
Due to our emphasis on the use of modern breeding methods particularly for improving crops for 
drought tolerance, the key concentration is on the second SLO ‒ improving food security.This project 
aims to demonstrate that working in close collaboration with breeders in developing countries, 
molecular breeding can enhance crop breeding efficiency for drought-prone environments. 
a. Drought as a target trait 
Drought is undisputedly one of the biggest threats facing agriculture today, with devastating and far-
reaching effects on entire landscapes and regions. It drastically reduces crop yields, more often than 
not resulting in total crop failure. Climate change is progressively increasing severe drought events, 
which are now worldwide – affecting not only the tropics but also the northern hemisphere, such as the 
ongoing drought in the United States and Europe. Since its inception, GCP has worked on drought as 
the primary trait of focus in efforts to improve food security and the project presented here builds on 
that effort.  
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The past decade (2000 to 2009) is reported as having been the warmest since instrumental 
measurements began. A study by USA’s National Center for Atmospheric Research (NCAR) further 
indicates that in the coming decades, most countries in the world (large parts of Africa, the Americas, 
Australia and Eurasia) face a growing threat of severe and prolonged drought. The study concludes that 
rising temperatures associated with climate change will likely create increasingly dry conditions across 
much of the globe in the next 30 years, possibly reaching a scale in some regions by the end of the 
century that has rarely – if ever – been observed in modern times. 
 
With all the above, the quest for drought tolerance for food crops in GCP’s target regions continues to 
be the number one priority. We anticipate that the investment in this project will make an important 
contribution to the global fight against hunger and poverty, in the context of adaptation to climate 
change. 
 
b. Molecular breeding to support crop improvement 
Since the dawn of agriculture, mankind has sought to improve crops by selecting individual plants with 
the most desirable characteristics or traits. Agricultural productivity has thus been progressively 
enhanced by constant innovation, including improved crop varieties to increase production in specific 
environments.  
 
The major objective of crop improvement is to identify within heterogeneous materials those 
individuals in which favourable alleles are present at the highest proportion of loci involved in the 
expression of key traits. The classical plant breeding method is based on increasing the probability of 
selecting such individuals from populations generated from sexual matings.  
 
Selection has traditionally been carried out at the whole-plant level (i.e., phenotype), which represents 
the net result of genotype and environment (and their interactions). Phenotypic selection has delivered 
tremendous genetic gains in most cultivated crop species, but is severely limited when faced with traits 
that are heavily modulated by the environment. In addition, the nature of some traits can make the 
phenotypic testing procedure itself complex, unreliable, expensive, or a combination of these.  
 
Molecular breeding for polygenic traits has been successfully deployed in the private sector and 
several experts in the art see molecular plant breeding as the foundation for 21st century crop 
improvement. Integrated crop breeding hastens genetic gain by combining phenotypic selection with 
cost-effective molecular breeding (MB) methods. While major private sector players have reaped 
handsomely from MB approaches, in sharp contrast, the impact of molecular breeding in the public 
sector and in small enterprises is thus far limited for various reasons, mainly attributable to lack of 
resources. This undesirable gap in the critical public and small- and medium-scale enterprise (SME) 
sectors has considerably slowed the development of new cultivars, compromising food security. 
Addressing this gap is an imperative for agricultural R&D and is a major objective of this project. 
c. Target Crops 
Cassava: Cassava is a staple food for over 200 million people in sub-Saharan Africa and millions 
more elsewhere, producing more energy per unit area compared to other crops under marginal 
conditions of limited annual rain fall and/or a long dry season. Yet the genetics of cassava is the least 
understood of all major staple crops in the world. This is largely due to its heterozygous nature which 
makes it difficult to develop appropriate stocks for classical genetic studies. Through this project, 
cassava genetic resources will be better described and made available to developing country breeding 
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programmes while simultaneously strengthening their capacity to undertake molecular breeding 
through the expansion and enhancement of an existing Community of Practice.  
 
Wheat: China and India are respectively the world’s largest and second largest producers of wheat. 
Also being the world’s two most populous nations, Chinese and Indian wheat production are of critical 
importance to global food security. Climate change and changing water use patterns are projected to 
reduce the amount of water available for irrigated wheat production in both countries. It is therefore 
vitally important that more water-use-efficient farming systems and wheat cultivars are identified. This 
project proposes to introduce and enhance breeding and selection strategies to combine and validate 
quantitative trail loci (QTLs) for water use efficiency (WUE), a major component of drought tolerance 
mechanisms, and heat tolerance in Chinese and Indian breeding programmes.  
 
Comparative genomics: Marginal soil fertility, soil acidity, aluminum (Al) toxicity, and a generalised 
low level of available nutrients, especially phosphorus (P), are some of the major factors limiting crop 
production across the tropics. This initiative is based on comparative genomics across three cereals – 
maize, rice and sorghum – taking advantage of knowledge in each one of those crops to facilitate gene 
discovery in other genomes. The main objective of this initiative is to build on the GCP Phase I 
characterisation of Alt1 and Pup1 to identify orthologous gene(s) for aluminium tolerance in rice and 
sorghum, and to improve phosphorus uptake efficiency in sorghum and maize. This would enhance 
cereal productivity for resource-poor farmers growing maize, rice and sorghum in low input 
agricultural systems within  the estimated 50% of arable land that is phosphorous deficient and/or 
acidic and often characterised by high aluminium toxicity. 
 
Rice: Rice production in Africa, has not kept pace with increasing demand. Only 54% of the Sub-
Saharan Africa rice consumption is supplied locally. In West Africa’s rain-fed lowland ecosystems, 
drought is considered the most important factor reducing rice yield - affecting 80% of the total rice 
area in Mali, 67% in Burkina Faso and 48% in Nigeria. Developing drought-tolerant cultivars that have 
a high yield potential in normal years and provide a good yield under drought and other major stresses 
will help sustain rice production in the large rain-fed lowland ecosystem across Africa. Drought 
tolerance is also confounded by soil stress so comparative genomics approaches will be used to 
pyramid genes for aluminium tolerance, phosphorus uptake efficiency and drought tolerance into 
Indonesian rice cultivars.  
 
Sorghum: Sorghum cultivation in Africa faces a wide range of harsh and highly variable 
environments. Local varieties are specifically adapted to their biotic and abiotic constraints and have 
an excellent grain quality but with low yield potentials. This project proposes to enhance sorghum 
grain yield and quality for the Sudano-Sahelian zone of West Africa through the use of a MARS 
approach and of a new Backcross Nested Association Mapping (BCNAM) approach, while addressing 
the specific adaptation requirements for specific and variable agro-ecologies.  
 
Legumes: For many of the world’s poorest people, legumes are the major—and sometimes only—
source of protein and fat, and also a rich source of essential vitamins and minerals. They are 
particularly important for the resource-poor who cannot afford meat in their diets, and also provide 
quality fodder for livestock in mixed farming systems. Legumes also generally attract higher market 
prices than other staple crops, making them an important source of income for farmers. They can be 
grown on impoverished soils, enriching them by fixing atmospheric nitrogen. This project proposes to 
accelerate the development of genomic resources while concurrently improving the capacity of 
developing-country research institutes for modern molecular breeding in cowpea, chickpea and beans 
to improve legume productivity for the benefit of resource-poor farmers in those countries. 
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Maize: Over 80% of the maize in South and South-East Asia is grown under rain-fed conditions prone 
to drought. Based on substantial breeding progress made for drought tolerance in maize in Central 
America and eastern and southern Africa, this project proposes to apply marker-assisted selection 
within pedigree breeding or backcrosses to become the impetus for significant levels of drought 
tolerance being introduced into key Asian maize germplasm, resulting in positive impact in diverse 
environments and by diverse suppliers. This activity is also anticipated to result in the establishment of 
a vibrant community of practice being established for Asian maize breeders. 
 
In keeping with GCP’s established practice, the research work is conducted through collaborating 
institutions from both within and outside the target countries – including national agricultural research 
institutes, CG Centres and universities. 
d. Integration of the GCP in the CGIAR reform 
Research activities to be supported by this project proposal will be integrated into the six crop CRPs 
(3.1 to 3.6) under CGIAR Research Programme 3, within the new CGIAR organisational research 
framework that is emerging from the current reform. The RIs are embedded in each of the six crop 
workplan and integrated in respective logframes. 
 
Figure 1 GCXP Research Initiatives in the New CG 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Integrated Breeding Platform (IBP) – another major GCP initiative – will be a cross-cutting 
service that will support breeding activities across the different CRPs dealing with breeding, and more 
broadly any breeding project conducted in the public sector.  
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GCP will monitor these seven RIs, in collaboration with scientists from the respective crop CRPs, until 
the end of current contractual obligations to GCP grant recipients. Research activities extending 
beyond GCP’s lifetime shall be managed by the CRPs in keeping with their respective strategies.  
 
Working with different partners, on different crops, in different eco-regions, GCP is uniquely 
positioned within the CGIAR to draw important cross-cutting lessons to inform molecular breeding in 
varied circumstances. These lessons will be amongst the most valuable outcomes of the Programme as 
it closes in 2013. 
 
Linkages with other EU-supported initiatives, in addition to the CRPs, include deepening relationships 
with FARA, CORAF and ASARECA under the Food Security Thematic Programme. 
 
IV. THE PROPOSED PROGRAMME 
a. Target Group 
 
This research project targets breeders developing crop varieties with enhanced resilience and 
productivity for resource-poor farmers in stress-prone agro-ecologies in developing countries in Sub-
Saharan Africa, South and South-East Asia, Latin America and the Caribbean. 
 
 Target crop(s) Target countries 
1 Cassava Brazil, Colombia, Ghana, Nigeria, Tanzania, Uganda 
2 Wheat China,  India 
3 Rice Burkina Faso, Mali, Nigeria, Indonesia 
4 Sorghum Brazil, Mali, Kenya, Niger 
5 Beans México, Nicaragua 
6 Chickpeas:  Ethiopia, India, Kenya 
7 Cowpeas:  Burkina Faso, Mozambique, Senegal 
8 Maize Brazil, China, India, Kenya, and eventually Indonesia, 
Thailand, Philippines, Vietnam 
 
This research project targets mainly plant scientists and breeders in developing countriesm to provide 
better germplasm, tools, services and capacities for developing crop varieties with enhanced resilience 
and productivity for resource-poor farmers in stress-prone agroecologies in Sub-Saharan Africa, South 
and South-East Asia and Latin America. 
 
This proposal centres on GCP’s research components, with elements of capacity building and crop 
research data management, which aim to demonstrate – through selected user cases– that integrating 
modern technologies into breeding programmes can have a significant impact on crop productivity in 
developing countries.  
 
b. Overall Goal and Objectives 
The overall goal of this project Trait capture for crop improvement is using genetic diversity and 
advanced plant science to improve crop productivity and resilience in drought prone environments for 
greater food security in the developing world. 
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The overall objective is improving drought tolerance and resilience to other key biotic and abiotic 
stresses (eg, pests and diseases, phosphorous deficiency, aluminium toxicity, as each case may require) 
for eight key food security crops, and enabling scientists in developing countries to access modern 
breeding technologies to increase the efficiency of their breeding programmes.  
 
These overall goal and objective will be achieved by: 
 
1. Exploiting the genetic structure and associated phenotypic variation in the vast range of crop 
germplasm available through GCP’s network and partners to make new favorable alleles available 
for breeding  
2. Developing cross-cutting research platforms for the efficient application of genomic tools and 
knowledge to decipher genetic control of complex traits and identify genes and molecular markers 
to improve crop breeding efficiency 
3. Bringing new alleles and using genomic tools and services to develop, validate and use molecular 
markers to accelerate genetic progress and improve simple and complex traits for impact on crop 
productivity in drought-prone environments  
4. Linking and integrating information components and analytical tools into a coherent information 
platform, creating a data management system to support an integrated information network for 
genetic resources, genomics and crop improvement. 
5. Building technical capacity, at both the human and infrastructure level, for the efficient 
implementation of research,   
6. Facilitating the flow of products through the research–delivery continuum to intermediate and end-
users 
 
The key focus of this project is improving crop productivity for resource-poor farmers in harsh 
environments with a primary focus on drought tolerance, alongside other key biotic and abiotic stresses 
such as pests and diseases, and phosphorous deficiency and aluminium toxicity – given that effective 
crop breeding does not take place in the isolation of a single trait.  
c. Programme Components 
 
The proposed project has seven components – captured in GCP’s 7 Research Initiatives: 
 
 Component 1 Improving cassava yield in drought-prone environments (GCP Project No. 
G7010.01) 
 Component 2 Improving drought tolerance in wheat (GCP Project No. G7010.02) 
 Component 3 Comparative genomics to improve cereal yields in high-Al and low-P soils (GCP 
Project No. G7010.03) 
 Component 4 Improving drought tolerance in rice (GCP Project No. G7010.04) 
 Component 5 Improving drought tolerance in sorghum (GCP Project No. G7010.05) 
 Component 6 Improving drought tolerance and productivity in legumes (GCP Project Nos. 
G7010.06, G7010.07 and G4008.11)  
 Component 7 Improving drought tolerance in maize for Asia (GCP Project No. G4008.56) 
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d. Strategy, Approach/Methodology 
1. The overall GCP strategy 
GCP’s Vision is: a future where plant breeders have the tools to breed crops for marginal environments 
with greater efficiency and accuracy for the benefit of resource-poor farmers and their families.  
 
The GCP workplan for Phase II (2009-2014) is based on a set of focused RIs and an integrated service 
component. While the research components aim to demonstrate – through actual selected user case 
breeding projects – that modern and integrated breeding approaches can have a significant impact on 
crop productivity in developing countries, the Integrated Breeding Platform (IBP) service component 
is conceived as a vehicle for dissemination of knowledge and technology, enabling broad access to, 
and proactive distribution of, crop genetic stocks and breeding material; molecular, genomic and 
informatics technology and information; cost-effective high-throughput laboratory services; and 
capacity-building programmes.  
 
This proposal will support a significant portion of the research component of the GCP while the 
development of the IBP is largely supported by a grant from the Bill & Melinda Gates Foundation.  
 
The RIs represent the core of GCP Phase II research activities and a multi-year workplan has been 
developed based on detailed proposals. Building on those proposals a project logframe has been 
developed and a specific logframe for 2012-2013 is available as Annex 1. 
 
To ensure successful implementation and impact, and with a view to sustainability, users, products and 
delivery plans are clearly defined for each RI, developed in close collaboration with project partners, 
emphasising the usefulness of the planned research products and mapping out the steps needed to 
ensure timely and appropriate transfer of those products to primary users.  
2. Research Themes across the RIs 
Other than the comparative genomics RI, the others are constructed around a common set of research 
themes that represent the cross-cutting dimension of the research portfolio in the proposed project, 
although the magnitude and the nature of the activities might vary from one to another. Each RI 
features the following:  
i. Phenotypic Characterisation 
All seven components have phenotypic characterisation of contrasting and diverse sets of germplasm 
(e.g., reference sets, introgression lines, synthetics, etc) as a cross-cutting element. The primary goal of 
this phenotypic characterisation is the evaluation of the lines for their potential tolerance to drought, 
but other important traits such as biotic stress resistance and yield potential under dry and well-watered 
conditions are evaluated as well. Many types of evaluations are involved, from detailed physiological 
and morphological measurements of roots, leaves and whole plants in the greenhouse or in other 
controlled conditions to large-scale field evaluation under well-watered conditions and under 
conditions subjected to drought at specific times of plant development. Correlation coefficients are 
calculated between the various measured traits and yield under drought in the hope of identifying 
surrogate traits that can have a good predictive value for the identification of drought tolerant lines. 
The main output of this component will be germplasm with new elite alleles for agronomic traits to be 
used for pre-breeding activities. The knowledge of the correlation between detailed physiological or 
morphological traits and important traits such as drought tolerance will also be an important output.  
 14 
ii. Molecular Breeding 
A strong molecular breeding element – the core of RI activities – focusing primarily on marker-
assisted recurrent selection (MARS), marker-assisted selection (MAS - mainly for cassava) and a 
modified backcross-based nested association mapping (BCNAM) populations for sorghum is present 
in all the components. Marker-assisted recurrent selection has been well demonstrated in temperate 
commercial crops such as maize but has not been used in the public sector, especially in developing 
countries. This methodology has great potential in developing countries because these crops have 
typically not been bred as extensively as commercial temperate crops, which means that QTLs with 
relatively large effects on key agronomic traits should be readily identified and pyramided through 
rapid cycles of marker-assisted recombinations. This should help boost yields in staple developing-
country crops especially those growing under harsh conditions. Through the RIs, GCP aims to 
demonstrate the value of MARS through well focused proof-of-concept experiments in key developing 
country crops. Besides the main focus on MARS, the RIs will also use the well-proven technique of 
MAS for simple traits, especially in a crop like cassava for which MAS for various biotic trait 
tolerance has a great short-term potential. New concepts such as BCNAM will explore the potential of 
evaluating together and recombining genetic loci originating from multiple donor parents, with a probe 
project being conducted in sorghum. The main output will be improved germplasm for breeding 
activities. 
iii. Strategic Data Management 
A strategic data management element to ensure scientists allocate adequate time and resources to 
appropriately analyse, store and label the data generated during the research activities is included in all 
the components. Data management is a critical component of an extensive marker-based breeding 
effort. A large amount of genotypic and phenotypic data will be generated through these experiments 
and needs to be made available to other researchers as well so that they can all benefit from this 
information and can help build it further. To facilitate this, a central database will be set up for each 
crop where all this information can be easily obtained by the breeders through the IBP portal. Before 
this data can be uploaded onto these shared databases, it will be stored on local databases and subjected 
to strict quality control procedures to ensure that only valid data is being shared. Fieldbooks will be 
available to keep track of the progenies in the breeding cycles and to design field experiments and 
record data. Samples will need to be tracked from individual plants or plots in the field or the 
greenhouse to the laboratories where they will be genotyped, and the genotypic information needs to 
flow back from the lab to the breeder and needs to be merged with the data generated from 
phenotyping so that the QTL analysis and subsequent recombination work can take place. The main 
output will be a user-friendly dataset accessible to and useable by colleagues within and outside GCP. 
iv. Capacity Building 
A significant capacity-building element, at both the human and infrastructure level, to ensure that 
developing-country partners can conduct field experiments, and appropriately manage and analyse 
project data is part of each component. Quality phenotyping requires good and uniform field resources 
that can be utilised as needed to meet the intended conditions of the experiment. As a result, significant 
resources are being dedicated to the improvement of local field infrastructure (irrigation systems, 
weather stations, rain-out shelters, etc) to enable quality phenotyping. At the human level, capacity 
development has been integrated into each research initiative - training NARS scientists to enable them 
fully comprehend the potential of molecular markers for crop improvement and the optimum ways to 
implement molecular breeding in their respective fields. Communities of practice, an integral part of 
this effort, will bring together research scientists and breeders working on a particular crop to 
collectively address matters of mutual interest. They will promote sharing of data, information, know-
how and germplasm; peer-to-peer mentoring; and generally advance the use of molecular breeding. 
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These communities will also be a significant part of the sustainability strategy for the IBP after GCP 
winds up – providing a core group of users for the platform. 
v. Product Delivery 
Each of the project components is to have a product Delivery Plan and to ensure research products 
reach intended intermediate and final users. Details of this are provided at Products, Users and 
Delivery Plans. 
 
The seventh RI, Comparative Genomics, is based on comparative genomics across three crops, taking 
advantage of knowledge in model crops to facilitate gene discovery in other genomes – one of the 
challenges GCP is supposed to address. Phase I saw the characterisation of two major genes for crop 
production in harsh environments. The first gene was Alt1 for sorghum tolerance to aluminium toxicity 
– a problem encountered in acid soils. The second was a gene (Pup1) to improve phosphate uptake in 
rice in poor soils. The main objective of this RI is therefore to build on the Phase I characterisation of 
Alt1 and Pup1 to identify orthologous gene(s) for aluminium tolerance in rice and sorghum, and to 
improve phosphorus uptake efficiency in sorghum and maize. In the course of this project, elite alleles 
for these new orthologous genes will be tested in adapted germplasm under local conditions, and gene-
based or linked markers will be available for breeding in GCP target environments. 
e. Research within each RI 
1. Cassava 
The Cassava component of this project has five activities: improvement and evaluation of the cassava 
reference set for Africa; improving and deploying markers for specific biotic traits; phenotyping for 
drought tolerance to identify QTLs; implementing a MARS project for drought tolerance; and the 
strengthening and expansion of a cassava community of practice in Africa for accelerated production 
and dissemination of farmer-preferred cassava varieties resistant to pests and diseases. 
 
To enhance the existing cassava reference set which is dominated by West African representatives, the 
project proposes to incorporate 50 – 100 representative accessions from Southern, Eastern and Central 
Africa, conducting validation and genotyping, and ultimately defining, describing and documenting a 
GCP Cassava Reference Set from the information obtained from breeders and an Illumina diversity 
array. 
 
This component also proposes to develop new populations for QTL mapping of new sources of 
Cassava Mosaic Disease (CMD) and Cassava Brown Streak Disease (CBSD) resistance, with 
validation studies of the detected QTLs using SNP markers developed from previous GCP and other 
research.  
 
A previous GCP-supported project identified physiological traits in diverse cassava genotypes 
associated with drought tolerance and generated three mapping populations from parents representing 
extremes in drought tolerance. One of these populations has been selected for QTL analysis of drought 
tolerance and has been accordingly genotyped but not phenotyped. This is proposed to be done under 
this project in Colombia and Brazil, subjecting it to managed drought and well-watered conditions and 
phenotyping it for traits indicated as promising from the previous research. Useful QTLs will be 
recombined the through a MARS breeding scheme. 
 
A MARS project is being implemented in West Africa (Nigeria and Ghana) to help develop new 
cassava varieties more tolerant to drought. This is a proof-of-concept project aimed at confirming the 
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potential of MARS for cassava improvement. QTLs important to drought and other traits will be 
identified and recombined to develop optimum progenies with the best combination of favourable 
alleles.  
 
A cassava breeder’s community of practice established under a previous GCP supported project will be 
expanded and strengthened, to enhance the capacity of participating NARs in modern breeding, 
develop an efficient network that integrates breeding initiatives among NARs breeders, and establish a 
mechanism for peer-to-peer information- sharing and germplasm exchange. This element of the project 
incorporates a strong capacity building component, supporting PhD and MSc students pursuing 
courses in modern molecular breeding. This element of the project is therefore anticipated to increase 
routine use of markers in breeding, improve crop data management and analysis and accelerate the 
development of desirable gene pools 
2. Wheat 
The wheat component of the project proposes to assemble and integrate genetic diversity for WUE and 
heat tolerance from key sets of genetic resources to mitigate the effects of climate change and changing 
water-use patterns that are projected to reduce the amount of water available for irrigated wheat 
production in both India and China. Targeted are drought-adapted cultivars, advanced lines, landraces, 
products of inter-specific hybridisation and mapping population parents from these two and other 
countries as well as CIMMYT, ICARDA and other research institutions. 
 
This component builds on two major activities: implementation of standardised drought and heat 
phenotyping protocols for both countries to physiologically evaluate generic populations and 
germplasm resources, which will include the training of up to 30 scientists from each of the countries 
in phenotyping protocols for drought-adaptive physiological traits; and using MARS and outputs of 
previous QTL studies to improve water-use efficiency and heat tolerance of wheat in both countries. 
The latter will be achieved by stacking favourable alleles identified in the target crosses evaluated 
under several environments in both target countries and introgressing known drought QTLs into local 
Chinese and Indian cultivars.  
 
The implementation of a data management system, with appropriate infrastructure and human support 
is also an objective of the project and several students will be exposed to precise drought phenotyping 
and molecular breeding technologies.  
3. Comparative Genomics 
The main purpose of this component is to build on the GCP Phase I characterisation of Alt1 and Pup1 
to identify orthologous gene(s) for aluminium tolerance in rice and sorghum, and to improve 
phosphorus uptake efficiency in sorghum and maize.  
 
The component comprises of six activities: cloning, characterisation and validation of 
Pup1/Phosphorous efficiency in maize; validation of ZmMATE  genes underlying major aluminium 
tolerance QTLs in maize; establishing a molecular breeding programme based on the AltSB gene and 
Pup1 QTL to increase sorghum production in Sub-Saharan Africa; developing rice with dual tolerance 
of phosphorous deficiency and aluminium toxicity; marker assisted breeding for improving 
phosphorous use efficiency and aluminium tolerance in maize; and improving phosphorous efficiency 
in sorghum by the identification and validation of sorghum homologues of the Pup1 QTL in rice. 
 
A bioinformatic analysis will be conducted under this component to identify homologues of the rice 
Pup1 gene in maize, and a set of markers for these genes developed.  An association genetics approach 
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will be applied to validate the role of those homologues as bona fide phosphorous efficiency genes.  
Over 100 elite maize inbreds, topcrossed with two testers, will be phenotyped in the field in Brazil and 
at a special facility at JIRCAS for this work. 
 
Data produced at Cornell with GCP support suggest that ZmMATE genes are a functional homologue 
in maize of the Al tolerance genes recently characterised in sorghum, and are likely to underlie the 
largest maize Al tolerance QTL. The comparative genomics component proposes to characterise and 
validate functional ZmMATE genes or QTLs conferring superior aluminium tolerance in different 
tropical maize germplasm. Existing structured Brazilian and Kenyan germplasm, as well as newly 
developed crosses, will be subjected to molecular, physiological and field evaluations to accomplish 
this.  
 
Building on previous GCP research, this component proposes to implement a sorghum molecular 
breeding program targeting Mali, Niger and Kenya using random mating populations (RMPs) for the 
eventual development of improved varieties and breeding materials with aluminium tolerance and 
improved performance under low phosphorous stress. These parental lines for the new population will 
include:  lines that are more efficient in phosphorous acquisition; lines that show superior grain yield 
performance; lines with superior aluminium tolerance; and lines with desirable grain quality and 
resistances to biotic and abiotic stresses common in the target zone. The results will be validated at 
purpose-built phenotyping sites in Kenya, Mali, Niger and Brazil using S1 and S2 progenies from 
RMPs. A concurrent capacity building element is proposed to train scientists drawn from the target 
countries as well as Uganda, Tanzania and Ethiopia in the application of MAS and MABC to sorghum 
breeding. 
 
Although phosphorous deficiency, aluminium toxicity and drought typically coincide in the acidic soils 
of the humid tropics where rice is grown, and the proven phosphorous deficiency tolerance QTL Pup1 
has been shown to also have a beneficial effect under drought conditions, no attempt has been made to 
combine phosphorous deficiency, aluminium toxicity and drought tolerance in a single rice variety. 
Building on progress made in the validation and marker development for drought QTLs in other GCP 
research, this project proposes to pyramid those QTLs with Pup1. Thereafter, depending on progress 
made in the development of varieties with dual tolerance, crosses will be performed to introduce 
aluminium tolerance from highly tolerant Indonesian upland varieties. Validated diagnostic markers 
are proposed to be distributed to NARS partners in the target countries for both genotyping of local 
varieties and MABC, alongside the distribution of seed for varieties developed under the project for 
evaluation under local conditions. 
 
Marker-assisted breeding approaches are proposed to be used in this component to accelerate the 
development of maize varieties tolerant to both phosphorous deficiency and aluminium toxicity. The 
breeding process will derive Al tolerance from QTLs mapped in RIL populations derived from the 
Brazilian Cateto and from highly tolerant inbred Kenyan lines, and phosphorous deficiency tolerance 
from maize homologues of the Pup1 locus associated with tolerance in rice.  The process will start 
with phenotypic selection in Kenya using crosses of Kenyan germplasm with a major Brazilian source 
of P efficiency.  MABC is proposed to introgress Alt
SB 
homologues into locally adapted lines from 
Kenya and Brazil. Synthetics and single cross hybrids pyramiding Al tolerance and P efficiency will 
then be generated and evaluated in Kenyan acid soils. In a concurrent capacity development element, 
two students will receive graduate training in molecular biology techniques and MAS for maize. 
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This component proposes to identify sorghum Pup1 homologues and validate their role as bona fide 
genes underlying tolerance to P deficiency. This will be based on association analysis to identify 
statistically significant associations between allelic variation for Pup1 candidate genes and 
phosphorous efficiency assessed both in the field and under controlled conditions in the laboratory and 
greenhouse. Positive associations will be validated by bi-parental mapping and analysis of near-
isogenic lines. The research will further examine a possible synergistic role of Alt
SB 
in increasing 
phosphorous uptake by sorghum. The genetic framework that will be developed for this research will 
also be useful for identifying other novel QTLs related to phosphorous efficiency which can then be 
deployed for molecular breeding should functional sorghum Pup1 homologues  not be found.  
4. Rice 
The rice component of the project proposes to develop drought-tolerant cultivars that have a high yield 
potential in normal years and provide a good yield under drought and other major stresses for West 
Africa’s rain-fed lowland ecosystems. 
 
The component has five main activities: characterisation of the target population of environments, 
establishment of drought evaluation sites and description of ideotypes fitting major subclasses  of TPE; 
phenotyping for yield potential and drought tolerance; development of improved lines combining 
favourable QTLs for drought adaptation and productivity for TPEs in the selected countries; 
establishment of a rice molecular biology and breeding community of practice for West Africa; and 
information  and project management. 
 
The inland valley lowlands will be characterised for drought occurrence and frequency through GIS 
technologies and farmer surveys to establish the extent, timing, intensity and frequency of drought. 
Existing information databases and satellite images will be used for this purpose. The information 
gathered will then be used to identify and select two ideal representative drought evaluation sites in 
each of the three countries. 
 
This component proposes to develop phenotyping facilities at the selected sites and carry out 
phenotyping of MARS populations and genetic stocks developed during GCP Phase I for yield 
potential and drought tolerance. The phenotyping is proposed to be done at national low-land rice 
research stations, and will evaluate the selected stocks for yield potential under both favourable and 
drought conditions with a view to develop improved germplasm for the farmers in the target 
environments.  
 
Breeders at national research institutes collaborating on the research are involved in the continuous 
development of MARS populations for QTL mapping of yield potential and drought tolerance. Clear 
but simple protocols will be developed for use by the national research institutes for leaf harvesting for 
DNA extraction for genotyping services, which will be accessed through the Integrated Breeding 
Platform. 
 
This research initiative also has a significant capacity building component. Three PhD students will be 
recruited (one from each target country) and supported through their programmes at the West Africa 
Centre for Crop Improvement (WACCI) at the University of Ghana and other institutions in West 
Africa. Two group training courses for practicing rice scientists, researchers and breeders will be 
organised in the course of the project – one on phenotyping protocols and tools, and a second one on 
data and information management and analysis. Training on MARS and other modern breeding 
approaches will be conducted as and when required. 
 
 19 
The RI proposes to advance the establishment of a vibrant rice molecular biology and breeding 
community of practice for West Africa. This community is proposed to facilitate information and 
technology exchange between and within national research institutes and facilitate linkages with other 
ongoing projects such as Stress Tolerant Rice for poor farmers in Africa and South Asia (STRASSA) 
and Green Super Rice (GSR). 
5. Sorghum 
This project component proposes to enhance sorghum grain yield and quality for the Sudano-Sahelian 
zone of West Africa using the backcross nested association mapping (BCNAM) approach, resulting in 
the development of modified backcross populations that will be of long-term value in relating sorghum 
traits to their corresponding genes. The planned population structure will facilitate the QTL mapping 
of range of traits conditioning productivity, adaptation, and preferred grain quality traits.  
 
Between 40 and 50 populations of 100 lines each will be developed from backcrosses carried out with 
3 recurrent parents which represent the target ideotypes to be improved. The donor parents will include 
10 common donors and 20 specific donors representing the diversity of the improved and local 
varieties. 
 
 The capacity of national breeding programs will be strengthened by the training of five local scientists 
to integrate modern molecular technologies in their breeding programmes – including appropriate data 
management and analysis skills. Additionally six BSc students, two MSc students and two PhD 
students will be trained. A regional data management unit within the L'Institut d'économie rurale (IER, 
Mali), which will support scientists in the effective application and use of molecular data for improved 
effectiveness of sorghum breeding activities is proposed to be established. 
6. Legumes 
This component of the project will focus on cowpeas for Sub-Saharn Africa, chickpeas for Sub-
Saharan Africa and South Asia and beans for Latin America. The former two are in support of the 
overall objectives of the GCP Tropical Legumes I Phase II Project funded by the Bill & Melinda Gates 
Foundation.  
 
The cowpea and chickpea activities propose to: develop genomic resources for enhancing MARS and 
MABC activities; employ MARS and MABC to develop improved breeding lines and varieties; and to 
strengthen the capacity of national agricultural research institutes in the target countries to conduct 
modern molecular breeding for the two crops. 
 
The chickpea element will employ MARS and MABC to develop improved breeding lines and 
varieties resistant to insect and disease attacks and drought. For drought tolerance the selection will 
comprise the introgression of a major QTL that confers better root length. That QTL was identified in a 
gene bank accession demonstrating the relevance of the GCP approach, as indeed there are favourable 
alleles in material stored in gene banks that can impact on crop productivity. four PhD students and an 
equivalent number of MSc students from the target countries (Kenya and Ethiopia) will be supported, 
in addition to several training courses in modern chickpea breeding targeting practising scientists. 
 
The cowpea element will particularly target improving breeding information management including 
the testing of various breeding informatics tools, decision support tools for MARS breeding and 
experimental design for precision phenotyping. Two PhD students, one each from Senegal and 
Mozambique, will be supported as part of capacity building for national agricultural research institutes. 
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The bean element will accelerate the development of bean cultivars with enhanced tolerance for 
disease, drought and low soil fertility – the most important constraints to dry bean production in Latin 
America and the Caribbean. Bean golden-yellow mosaic virus (BGYMV) transmitted by the sweet 
potato whitefly is a particularly significant endemic disease threat to production in the region and tends 
to explode with vector populations that increase during drought years. Two nurseries each, with the 
best drought-tolerant lines, will be established in each of the target countries for evaluation of 
productivity and disease resistance under different climactic parametres. Segregating populations will 
be developed with the best local parents and sources of BGYMV and root-rot resistance genes with 
molecular markers to assist in the selection. Training workshops on MAS and support for two graduate 
students on the same will constitute the capacity building portion of this element. 
7. Maize 
This component proposes to apply marker-assisted recurrent selection (MARS) to integrate drought 
tolerance loci from an African drought tolerant source into a minimum of four elite Asian adapted 
inbreds.  It will involve both public and private partners. 
 
The component has three main activities:  transfer of highest expression of drought tolerance in maize 
into elite well-adapted Asian lines targeted at drought or water-constrained environments ; making 
germplasm and associated marker information available as international public goods and foster the 
engagement of a wide range of public and private breeders in applied and relevant marker assisted 
breeding (MAB) projects; and collaborating with Asian NARS and private sector breeders for 
germplasm selection and effective uptake and dissemination of germplasm, molecular information and 
know-how generated in this project.  
 
 Inbred lines will be extracted from improved populations, using either selfing or doubled haploids, 
and new drought tolerant Asia-adapted hybrids tested. This will result in a minimum of four Asian 
adapted drought tolerant inbreds and hybrids, molecular marker information associated with drought 
tolerance, and NARS and private sector scientists with experience in integrating MARS in applied 
breeding programmers.  
 
The project proposes to integrate self-funded public and private sector partners for a larger number of 
MARS breeding projects (for drought tolerance and other traits) and wider impact of capacity building 
efforts, and is expected to drive the introduction of significant levels of drought tolerance into key 
Asian maize germplasm, and the creation of a vibrant maize breeding community of practice for Asia. 
f. Products, Users and Delivery Plans 
Product Delivery Plans (PDPs) are developed for each of the project components. The project impact 
pathway was identified and articulated at project inception. The activity plans were jointly conceived 
with stakeholders (CGIAR Centres, national agricultural research institutes, universities and other 
research institutions, and SMEs), taking into account local priorities.  
 
The spectrum of research products for breeders expected from this project is broad, to be delivered in 
both the short and the long term. These products are deployed along the entire research pipeline – from 
characterisation of genetic diversity up to molecular breeding – and include genetic and genomic 
resources, genes for target traits, markers, new enabling tools and technologies, methodologies and 
learning materials, and ultimately, improved germplasm.  
 
The GCP Product Delivery Leader (PDL), in concert with the Product Delivery Coordinator (PDC) for 
each of the components and the appropriate GCP Theme Leaders (TLs), will evaluate and catalogue 
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each product, and oversee product quality, packaging, promotion, distribution and access. Distribution 
would be through multiple channels, to facilitate transfer to and adoption by an expanding set of users.  
g. Networks and Partners 
GCP rallies together diverse interdisciplinary teams in the developing and developed world to harness 
the power of the collective towards the achievement of GCP’s overall objectives, and the objectives of 
this project in particular. GCP projects are primarily undertaken by partners, with GCP serving as an 
enabler, mediator and consolidator of the efforts of these partners. As such, working with different 
partners, on different crops, in different ecoregions, GCP is uniquely positioned within the CGIAR – 
and well-placed in the R&D landscape – to help draw important cross-cutting lessons to inform 
molecular breeding in varied circumstances from a practical perspective.  
 
As noted by GCP’s 1st External Programme and Management Review (EPMR) “GCP has developed 
an extensive consortium partnership and leveraged its resources to establish a broad network of R&D 
participants with extensive capability and capacity to support the GCP overall objectives. The report 
concludes: “Perhaps the most important value of GCP thus far, is the opportunities it has provided for 
people of diverse backgrounds to think collectively about solutions to complex problems and in the 
process to learn from one another.”  
 
 
Figure 2 GCP partners in 2010 
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Similar remarks appear in an early draft report from the November–December 2010 EC review, which 
observes that GCP’s partnership network is impressive, and that “GCP’s inclusiveness ... is one of the 
great, and much appreciated, strengths of the Programme.” It goes on to note that “the GCP approach 
is exceptional in its genuine commitment to fostering ownership and partnerships with the NARS, 
industry and other partners outside as well as within the CG” and that “strong progress with 
appropriate methodologies has been made in all areas reviewed, with partners strongly committed to 
supporting and utilising the [service] platform after the end of GCP.” 
 
GCP has pioneered what the CGIAR reform aims to achieve in partnerships. The service component 
will help sustain existing and new partnerships linking discovery science with applied research. 
 
Typically, GCP projects bring together different partners who collectively achieve far more than any 
single institute working on its own.  As reflected in Figure 2, at the core of these partnerships is the 
GCP Consortium (18 members, half of whom are from the CGIAR, and the other half from outside the 
CGIAR, including members in the developing world).  
 
The 2011–2014 research portfolio clearly reflects a shift in partnership roles and responsibilities, with 
developed-country institutes becoming mentors and the CGIAR Centres active supporting partners and 
mentors, while developing-country partners are increasingly leading projects. The appropriations of the 
GCP budget mirror this changing trend: in GCP’s final years, more than 50 percent of the budget is 
allocated directly to developing-country research programmes, who are leading a large number of our 
research projects. 
 
GCP is consultatively examining the role of its Consortium as programme wind-up approaches. 
Discussions are ongoing on how to remodel this group bearing the future in mind. With the Transition 
Strategy
1
 already in implementation, the intention is to bring GCP to an orderly close in 2013–2014 as 
envisioned at its inception, while securing stakeholder needs. 
 
h. GCP Global Impact Indicators 
Whereas evaluation at individual activity level will based on outputs and outcomes, global evaluation 
of the work undertaken by GCP under this project will primarily rely on the impact indicators below: 
 
 Short-term  Long-term  
1 Number of requests for the different products available 
through the IBP (eg, germplasm, molecular markers, 
IT and data analysis tools, protocols, training 
materials)  
1 Number of lines with new alleles from genetic stocks 
distributed by Centres  
2 Number of support requests received from NARS and 
SMEs (eg. planning a breeding project, informatics, 
data management, data analysis, genotyping, training, 
IP)  
2 Number of operational molecular breeding programmes 
in developing countries, in both the public and private 
sectors  
3 Number of first-time and returning users for the 
different high-throughput breeding services  
3 Number and membership dynamics of active crop CoPs  
4 Number of datasets published through Crop Lead 
Centre databases  
4 Number of improved crop varieties released by national 
programme partners developed using molecular breeding  
5 Number of researchers that join established CoPs  5 Acreage under crop varieties produced using molecular 
breeding  
6 Number of researchers obtaining a graduate degree 6 Number of farm households with enhanced livelihoods 
                                                 
1
 The Transition Strategy was submitted to the CGIAR Consortium Board in May 2010, to position GCP in the CGIAR 
reform while still remaining faithful to the original vision for the Programme to end after its second Phase. The strategy 
was endorsed by all Consortium members except one. 
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 Short-term  Long-term  
while engaged in GCP research  attributable to increased crop productivity due to 
improved varieties from molecular breeding programmes 
7 Number and description of new genomic resources 
generated through the RIs  
  
8 Number of gene-linked or gene-based markers 
generated through the RIs  
  
9 At least three new gene-linked markers used in 
developing-country breeding programmes to improve 
maize, rice, and sorghum for acid soils in Africa, and 
Latin America and for phosphorus-deficient soils in 
Asia  
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V. EXPECTED OUTPUTS/OUTCOMES 
This table lists outputs for the entire project period – 2012 – 2013. The intermediate outputs specifically for 2012 and 2013 are captured in 
Annex 2 Indicative Workplan - Timelines & Milestones. 
 
OBJECTIVE/ 
ACTIVITY 
EXPECTED OUTPUT(S) EXPECTED OUTCOME(S) IMPACT 
1. Objective 1: Improving 
cassava yield in 
Africa’s drought-prone 
environments 
(G7010.01)  
 High-yielding drought-tolerant 
cassava varieties 
 
 Through an established community 
of practice, increased capacities of 
NARS to conduct accurate 
phenotyping and run molecular 
breeding experiments.  
 Major loci involved in drought 
tolerance pyramided in elite cassava 
cultivars  
 Molecular breeding for biotic stress 
operational in African national 
programmes  
 Cassava cultivars with improved 
productivity under marginal 
environments grown by farmers in 
SSA  
 Capacity built in African national 
programmes to use molecular 
breeding to increase the efficiency 
of their breeding activities for both 
biotic and drought stresses  
 Enhanced food security in drought-
prone ecologies through improved 
cassava cultivars  
 
2.  Objective 2: 
Improving drought 
tolerance in wheat for 
Asia (G7010.02) 
  High-yielding drought-tolerant 
wheat varieties 
 More efficient crop information 
exchange across breeding Institutes 
at the National and international 
levels.  
 New drought-tolerance QTLs 
transferred, validated and used for 
breeding in Indian and Chinese 
germplasm  
 New wheat varieties for India and 
China with improved performance 
under drought conditions  
 Increased selection efficiency of 
Asian national programmes and 
SMEs thanks to the adoption of 
molecular breeding  
 Enhanced farm outputs, incomes 
and livelihoods  
  
 25 
OBJECTIVE/ 
ACTIVITY 
EXPECTED OUTPUT(S) EXPECTED OUTCOME(S) IMPACT 
3. Objective 3: 
Comparative genomics 
to improve cereal 
yields in high-Al and 
low-P soils (G7010.03)  
 Phosphorous-deficiency- and 
Aluminium-toxicity -tolerant 
varieties of sorghum, maize and 
rice 
Sorghum:  
 New loci for tolerance to 
phosphorus and aluminium 
deficiencies available for sorghum 
breeding programmes  
 Comparative genomics approach for 
orthologous gene identification 
validated in sorghum  
Maize:  
 New loci for tolerance to 
phosphorus and aluminium 
deficiencies available for maize 
breeding programmes 
 Comparative genomics approach for 
orthologous gene identification 
validated in maize  
Rice:  
 New loci for tolerance to 
phosphorus and aluminium 
deficiencies available for rice 
breeding programmes  
 Comparative genomics approach for 
orthologous gene identification 
validated in rice  
 Sorghum: Varieties of sorghum that 
are better performing under poor 
soil conditions (phosphorus and 
aluminium deficiencies in acid 
soils) grown in target countries  
 Maize: Varieties of maize that are 
better performing under poor soil 
conditions in Africa (phosphorus 
and aluminium deficiencies in acid 
soils) grown in target countries 
 Rice: Varieties of rice that are better 
performing under poor soil 
conditions in Asia (phosphorus and 
aluminium deficiencies in acid 
soils) grown in target countries 
4. Objective 4: Improving 
drought tolerance in 
rice for Africa 
(G7010.04)  
 High-yielding drought-tolerant 
rice varieties 
 Increased capacities of NARS to 
conduct accurate phenotyping and 
run molecular breeding experiment.  
 New African rice cultivars with 
improved performance under 
drought conditions  
 Enhanced food security in lowland 
African ecosystems  
 Improved breeding methodologies 
for rice in Africa.  
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OBJECTIVE/ 
ACTIVITY 
EXPECTED OUTPUT(S) EXPECTED OUTCOME(S) IMPACT 
5. Objective 5: Improving 
drought tolerance in 
sorghum for Africa 
(G7010.05)  
 High-yielding drought-tolerant 
sorghum varieties  
 Availability of improved sorghum 
genotypes for marginal 
environments in SSA  
 Higher productivity of adapted 
cultivars produced through 
molecular breeding and based on 
broad genetic variation  
 Improved, near-elite, diverse 
breeding materials for marginal 
environments cultivated in West 
Africa  
 Increased sorghum productivity by 
enhancing the capacity of national 
breeding programmes to widen use 
of diverse germplasm and deploy 
molecular breeding approaches  
6. Objective 6: Improving 
drought tolerance in 
legumes (G7010.06, 
G7010.07 & G4008.11)  
 High-yielding drought-tolerant 
legume (bean, chickpea, 
cowpea) varieties 
 Increased capacities of NARS to 
conduct accurate phenotyping and 
run molecular breeding experiment.  
 New germplasm and improved 
breeding programmes for tropical 
legumes in SSA  
 Improved germplasm for resource-
poor cropping systems obtained  
 Better-balanced diets for resource-
poor people living in drought-prone 
areas in SSA and India  
 Increased yields in small scale 
farmers’ fields in marginal cropping 
systems  
 Increased incomes due to improved 
local varieties of legume cash crops  
7. Improving drought 
tolerance in maize for 
Asia (G4008.56) 
 High-yielding drought-tolerant 
maize varieties  
 Asian national programmes benefit 
from the large effort made in Africa 
and Latin America for improvement 
of drought tolerance.  
 Drought-tolerant lines and hybrids 
identified and made available to 
farmers  
 SMEs exposed to molecular 
breeding  
 Enhanced breeding programmes of 
Asian SMEs due to the use of 
molecular breeding  
 Maize yields enhanced in Asia 
through a molecular breeding 
approach  
 Enhanced farm outputs, incomes 
and livelihoods  
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VI. PROGRAMME IMPLEMENTATION ARRANGEMENTS 
a. Implementing Organisation and Programme Management 
The CGIAR Generation Challenge Programme will be the implementing organisation for the project. 
Programme management will occur at 3 levels: 
 
1. At the first level, specific research activities will be conducted by collaborators, who may be 
CG Centres, national agricultural research institutes in both the developed and developing 
countries, or partner universities. Each research project will be headed by a Principal 
Investigator (PI) drawn from the Lead Institute for that activity, and the PI will be assisted in 
this role by Sub-activity Leaders and Country Leaders of respective activities. 
2. At the second level, each Research Initiative has a Product Delivery Coordinator. The PDC will 
work with the PI for each research project within the Research Initiative to identify research 
products and define pathways for their delivery to the target groups – including transfer of 
research products between the activities within the initiative where this is required to advance 
the purpose of the initiative. The PDCs will serve in this role under the direction of the GCP 
Product Delivery Leader. 
3. At the third level, GCP will maintain technical and financial oversight. Each of the Research 
Initiatives that constitute this project will be headed by a GCP Management Team Member 
(Theme Leader) – and collectively the Management Team will provide tactical direction. The 
GCP Consortium Committee, as mandated by the Consortium Agreement, will provide 
scientific advice and guidance to the Management Team in this function – while the GCP 
Executive Board maintains oversight for policy and strategic direction. 
b. Monitoring, Evaluation and Reporting 
Monitoring and evaluation is facilitated by a GCP-level Medium Term Plan, the Product Delivery Plans 
prepared for each Research Initiative, Work Plans, and Timelines & Milestones documents that are 
prepared for each specific project activity in the Research Initiative. 
 
The Product Delivery Coordinator specifically tracks the development of products and their delivery to 
the intended users, while the Theme Leader responsible for the RI provides administrative and 
professional oversight at the apex. The GCP Projects Office monitors budgets and related administrative 
issues. 
 
Each PI files a comprehensive Annual Technical Update Report that is evaluated by both the PDC and 
the Theme Leader in charge of the Research Initiative. The PDC also prepares an independent annual 
report on project progress and problems for review by the GCP Product Delivery Leader and action by 
the Theme Leader. An annual Financial Report is also prepared by the Lead Institution for each activity, 
and this is evaluated by the GCP Projects Office. 
 
The legume RI also has the benefit of external reviewers, and GCP External Theme Advisors are also 
available to provide counsel in their specific areas for the Comparative & Applied Genomics and 
Capacity Building Themes. 
 
Each Research Initiative is proposed to hold a one day annual meeting, generally preceding the GCP 
General Research Meeting which already brings together all Principal Investigators – providing further 
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opportunity to report and monitor progress and make appropriate course corrections. PIs are expected to 
consult frequently with activity leaders by teleconference and occasional site visits as may be necessary. 
 
All projects within a Research Initiative are ultimately expected to file a Final Technical Report and a 
Final Financial Report. Data release is an expected part of this end-of- project reporting, as is a listing 
and description of project products. 
 
GCP prepares an annual report of all research activities and specific reports to funders in keeping with 
the grant requirements. An annual risk management assessment, including an up-to-date Risk 
Assessment Matrix, also provides a useful monitoring and evaluation tool. 
 
VII. VI. PROGRAMME COSTS AND FINANCING 
a. Financing Plan 
In keeping with the CGIAR reform process, GCP developed its Medium Term Plan (MTP) based on the 
likely funding scenarios for the three years 2011-2013, with funding projected to come from the CG 
Fund, non-CG Fund Investors and the European Commission.   
 
The overall budget at GCP-level is about US$47.0 million:  projected at US$17.5m, US$15.4m, and 
US$14.1m respectively for each of the three years. These financial projections would allow GCP to 
operate and support its research activities and develop the service component (IBP) over that period.  
 
 Detailed budget projections and allocations are outlined in the MTP document pages 11-14. 
b. Proposed Budget to IFAD/EC 
This is a summary of the funds allocation to each objective of the project. The detailed budget statement 
is at Annex 3 Detailed Budget Allocation. 
 
Budget  (July 2012 – December 2013) in Euro(million) 
per Activity 2012 2013 Total 
Improving cassava yield in Africa's drought-prone environments 0.487 0.421 0.908 
Improving drought tolerance in wheat for Asia 0.529 0.573 1.102  
Comparative genomics to improve cereal yields in high-Al and low-P soils 0.487 0.630 1.117 
Improving drought tolerance in rice for Africa 0.583 0.680 1.263 
Improving drought tolerance in sorghum for Africa  0.392 0.397 0.789  
Improving drought tolerance in legumes  0.347 0.352 0.699 
Improving drought tolerance in Maize for Asia 0.175 0.048 0.223 
Total 3.000 3.100 6.100  
 
Our proposed budget is for Euro 6.100M of which 12% of will be allocated to Advanced Research 
Institute (ARI) partners; 37% to CG Centers ; and 52% to NARS. 
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c. Indicative Workplan 
 
At Annex 2 Indicative Workplan – Timelines and Milestones, we have shown the targets proposed for 
Year 2012 and 2013 for activities within each component. 
 
VIII. FINANCIAL GOVERNANCE 
a. Introduction 
The GCP financial governance consists of an ongoing interaction between its three key governance 
institutions:   
 
Executive Board: The Executive Board (EB) is the GCP’s policy, management and financial oversight 
body – established in keeping with Articles 7, 8, 9 10 and 11 of the Amended Consortium Agreement 
(ACA). The Executive Board is accountable for overall governance, with emphasis on research strategy, 
resource mobilization, and financial and fiduciary functions.  The EB monitors the GCP financial 
situation on a quarterly basis and meet twice per year for programme review and policy/decision 
making. 
 
Program Management Team: The GCP Management Team (MT) comprises of the Programme 
Director and GCP’s 5 Theme Leaders responsible for the thematic areas of Integrated Crop Breeding, 
Crop Information Systems, Comparative & Applied Genomics, Capacity Building and Product Delivery. 
The MT handles the day-to-day operations of GCP, providing relevant input and feedback on financial 
issues. The GCP Director works closely with the EB on the GCP financial strategy.  
 
The Projects Management Officer is responsible for management of project finances, and will receive 
annual and final project financial reports from collaborators and review them for accuracy and 
compliance with the requisite regulations. 
 
Host Agent: The International Wheat and Maize Improvement Centre (CIMMYT), as the Host Agent 
for GCP, assumes fiduciary responsibilities with regard to the administration and fiscal matters of the 
GCP. 
b. Procurement Procedure for Goods, Services and Human Resources 
The selection and recruitment of human resources and the procurement of goods and services are carried 
out in accordance with CIMMYT policies. CIMMYT and GCP are subject to and comply with the 
CGIAR procedures defined in the CGIAR Financial Guidelines Series No. 6: CGIAR Procurement of 
Goods, Works, and Services. 
c. Financial Controls 
All financial processes are managed through CIMMYT project-based financial management system 
(Dynamics AX 2009), including records and accounts, in accordance with CGIAR Financial Guidelines 
Series No. 1: CGIAR Financial Management.   
d. Accounting Specifications 
CIMMYT’s Financial System: 
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1. Microsoft – Dynamics AX 2009 ‘Integrated Financial System’.  A Project Accounting System: 
General Ledger, Accounts Receivable, Accounts Payable, Projects, Banking, Purchase Orders, 
Inventory and Assets. 
2. Reporting software / Vision Reporting tool: Excel based reporting, drill down capability and end 
user reporting. 
e. Audited Financial Statements and Audit Reports 
Financial statements and audit reports are prepared in conformity with generally accepted best practices 
and in accordance with the CGIAR Financial Guidelines Series No. 2: CGIAR Accounting Policies and 
Reporting Practices Manual. 
 
All applicable financial guidelines are viewable at: http://www.cgiar.org/resources/cgiar-financial-
guidelines-serie/.  
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IX. ANNEX 1. RESULTS-BASED LOGICAL FRAMEWORK 2012 - 2013 
 
 Objectives-hierarchy Objectively verifiable indicators Means of verification Assumptions 
G
O
A
L
 
Using genetic diversity and advanced plant science 
to improve crop productivity and resilience for eight 
crops in drought prone environments for greater 
food security in the developing world. 
 Improved lines developed (at least 3-
5 lines per RI) 
 Improved capacity for modern 
breeding approaches in partner 
NARS (at least 1-2 scientists trained 
per target country on molecular 
breeding) 
 Enhanced crop information and data 
management (Electronic data capture 
and storage in data base for breeders 
involved in our projects) 
 Improved research product delivery 
mechanisms and practices 
 New tools and services for integrated 
breeding available (at least 50 users 
across our RI registered on the 
Integrated Breeding Platform by 
December 2013) 
 New QTL for molecular breeding in 
drought-prone environments (at least 
10-20 new QTL per experiment) 
 GCP Annual report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Individual Annual and Final 
Technical Reports and Final 
Financial Reports. 
 GCP Product Catalogue  
Annual risk management 
assessment, including an 
up-to-date Risk Assessment 
Matrix 
 Commitment  of top management 
in developing-country partner 
Institutes to modernise breeding 
practices 
 Willingness of breeders in 
developing-country programmes 
to adopt new crop-breeding 
technologies as well as advanced 
data and information management 
practices 
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 Objectives-hierarchy Objectively verifiable indicators Means of verification Assumptions 
O
B
J
E
C
T
IV
E
 
Improving drought tolerance and resilience to other 
key biotic and abiotic stresses (eg, pests and 
diseases, phosphorous deficiency, aluminium 
toxicity, as each case may require) for eight key food 
security crops, and enabling scientists in developing 
countries to access modern breeding technologies to 
increase the efficiency of their breeding 
programmes.
2
  
 New genetic resources to increase 
diversity for key traits (one MAGIC 
population for Rice and legumes, 
introgression lines for rice and 3 BC 
NAM populations for sorghum) 
 New tools and services for molecular 
breeding (IBP configurable 
workflow system and services used 
by RI partners) 
 Validated markers for key traits for 
molecular breeding (overall at least 
10 marker linked with key traits) 
 New breeding populations 
containing validated QTL for key 
traits (at least 3 populations per RI) 
 Germplasm improved for key traits 
 Integrated data management systems 
for molecular breeding (new data 
management strategy implemented 
for our partners in developing 
countries) 
 Capacity building: technical, and 
infrastructure improvements of 
emerging molecular-breeding 
programmes (Breeders from 
developing countries leading 
phenotyping evaluation and running 
MB data analysis in all RIs) 
 
 Individual project reports 
 GCP Annual Report 
 GCP Product Catalogue  
See within Outputs below 
 
 
  
                                                 
2
 The nine crops are beans, cassava, chickpeas, cowpeas, groundnuts, maize, rice, sorghum and wheat 
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 Objectives-hierarchy Objectively verifiable indicators Means of verification Assumptions 
O
U
T
P
U
T
S
 
High-yielding drought-tolerant cassava varieties 
Outcomes 
 Through an established community of practice, 
increased capacities of NARS to conduct 
accurate phenotyping and run molecular 
breeding experiments.  
 Major loci involved in drought tolerance 
pyramided in elite cassava cultivars  
 Molecular breeding for biotic stress operational 
in African national programmes  
 Cassava cultivars with improved productivity 
under marginal environments grown by farmers 
in SSA 
 Main drought tolerance QTLs in 
South American populations 
identified  
 At least 2 markers to improve biotic 
stress resistance in cassava validated 
 Improved African cassava 
germplasm developed for CMD and 
CBSD resistance 
 QTLs for drought tolerance and 
other traits identified in African 
germplasm; parents selected for 
MARS 
 
 GCP Annual Report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Final Technical Report and 
Final Financial Report.  
 Annual risk management 
assessment, including an 
up-to-date Risk Assessment 
Matrix 
 
 Favourable weather conditions 
 Policy and statutory regulatory 
requirements remain favourable 
 Stability of physical infrastructure 
and human resources 
 Easy availability of information 
(data, information and products/ 
external genomic resources) 
O
U
T
P
U
T
S
 
High-yielding drought-tolerant wheat varieties  
Outcomes 
 More efficient crop information exchange 
across breeding Institutes at the National and 
international levels.  
 New drought-tolerance QTLs transferred, 
validated and used for breeding in Indian and 
Chinese germplasm  
 New wheat varieties for India and China with 
improved performance under drought conditions 
 Improved field infrastructure for 
wheat screening under drought 
conditions in China and India  
 20 to 30 recombinant lines improved 
for drought tolerance 
 At least 3 MARS  populations 
 GCP Annual Report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Final Technical Report and 
Final Financial Report.  
 Annual risk management 
assessment, including an 
up-to-date Risk Assessment 
Matrix 
 Favourable weather conditions 
 Policy and statutory regulatory 
requirements remain favourable 
 Stability of physical infrastructure 
and human resources 
 Easy availability of information 
(data, information and products/ 
external genomic resources). 
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 Objectives-hierarchy Objectively verifiable indicators Means of verification Assumptions 
O
U
T
P
U
T
S
 
P-deficiency- and Al-toxicity -tolerant varieties of 
sorghum, maize and rice 
Outcomes 
Sorghum:  
 New loci for tolerance to phosphorus and 
aluminium deficiencies available for sorghum 
breeding programmes  
 Comparative genomics approach for 
orthologous gene identification validated in 
sorghum  
Maize:  
 New loci for tolerance to phosphorus and 
aluminium deficiencies available for maize 
breeding programmes 
 Comparative genomics approach for 
orthologous gene identification tested in maize  
Rice:  
 New loci for tolerance to phosphorus and 
aluminium deficiencies available for rice 
breeding programmes  
 Comparative genomics approach for 
orthologous gene identification tested in rice 
Sorghum:  
 Minimum of one validated marker 
for AltSB  
 Minimum of two validated markers 
for Pup1  
 Minimum of two target materials 
introgressed with AltSB for both 
Niger and Kenya  
Maize:  
 At least one pair of markers flanking 
the AltSB homologues or Al tolerance 
QTLs polymorphic between donor 
and receptor lines from Brazil, 
Kenya and Zambia 
 At least one pair of markers flanking 
the Pup1 homologues or P tolerance 
QTLs polymorphic between donor 
and receptor lines from Brazil, 
Kenya and Zambia  
Rice:  
 Major QTLs associated with Al 
toxicity tolerance identified  
 Al-tolerance QTLs identified in 
parallel projects validated in 
Indonesian varieties 
 Al-tolerance QTLs identified in 
parallel projects validated in 
Indonesian varieties  
 Minimum of one target material 
introgressed with Pup1 for Indonesia 
 GCP Annual Report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Final Technical Report and 
Final Financial Report.  
 Annual risk management 
assessment, including an 
up-to-date Risk Assessment 
Matrix 
 Favourable weather conditions 
 Policy and statutory regulatory 
requirements remain favourable 
 Stability of physical infrastructure 
and human resources 
 Easy availability of information 
(data, information and products/ 
external genomic resources) 
O
U
T
P
U
T
S
 
High-yielding drought-tolerant rice varieties 
Outcomes 
 Increased capacities of NARS to conduct 
accurate phenotyping and run molecular 
breeding experiment.  
 New African rice cultivars with improved 
performance under drought conditions 
 New sources of diversity for rice breeding in 
Asia 
 3 Sites established for drought 
tolerance screening in Burkina Faso,  
Mali, and Nigeria 
 3 F3 biparental breeding populations 
adapted to the target country and 
improved for drought tolerance and 
biotic stresses, (eg. RYMV 
resistance)   
 Two MAGIC (Multi-parent 
Advanced Generation Inter-cross) 
populations 
 GCP Annual Report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Final Technical Report and 
Final Financial Report.  
 Annual risk management 
assessment, and up-to-date 
Risk Assessment Matrix 
 Favourable weather conditions 
 Policy and statutory regulatory 
requirements remain favourable 
 Stability of physical infrastructure 
and human resources 
 Easy availability of information 
(data, information and products/ 
external genomic resources) 
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 Objectives-hierarchy Objectively verifiable indicators Means of verification Assumptions 
O
U
T
P
U
T
S
 
High-yielding drought-tolerant sorghum varieties  
Outcomes 
 Availability of improved sorghum genotypes for 
marginal environments in SSA  
 Higher productivity of adapted cultivars 
produced through molecular breeding and based 
on broad genetic variation  
 Demonstrate that MARS (marker-assisted 
recurrent selection) to improve sorghum can be 
conducted successfully in Mali, by Malian’s 
scientists, with support of scientists from 
CIRAD  
  Key beneficial genomic regions and 
alleles (at least 10 per population) 
associated with grain yields and 
quality in superior breeding lines 
identified 
 Improved, near-elite, diverse 
breeding materials for marginal 
environments cultivated in West 
Africa 
 GCP Annual Report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Final Technical Report and 
Final Financial Report.  
 Annual risk management 
assessment, including an 
up-to-date Risk Assessment 
Matrix 
 Favourable weather conditions 
 Policy and statutory regulatory 
requirements remain favourable 
 Stability of physical infrastructure 
and human resources 
 Easy availability of information 
(data, information and products/ 
external genomic resources) 
O
U
T
P
U
T
S
 
High-yielding drought-tolerant legume varieties  
Outcomes 
 Increased capacities of NARS to conduct 
accurate phenotyping and run molecular 
breeding experiment.  
 New germplasm and improved breeding 
programmes for tropical legumes in SSA  
 Improved germplasm for resource-poor 
cropping systems obtained 
 MARS and MABC implemented to 
develop improved breeding lines and 
varieties of chickpea and cowpea 
 NARS scientists/ breeders trained in 
modern breeding approaches for 
chickpea and cowpea 
 GCP Annual Report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Final Technical Report and 
Final Financial Report.  
 Annual risk management 
assessment, including an 
up-to-date Risk Assessment 
Matrix 
 Favourable weather conditions 
 Policy and statutory regulatory 
requirements remain favourable 
 Stability of physical infrastructure 
and human resources 
 Easy availability of information 
(data, information and products/ 
external genomic resources) 
O
U
T
P
U
T
S
 
High-yielding drought-tolerant maize varieties  
Outcomes 
 Asian national programmes benefit from the 
large effort made in Africa and Latin America 
for improvement of drought tolerance.  
 Drought-tolerant lines and hybrids identified 
and new crosses developed 
 SMEs exposed to molecular breeding 
 Double haploids extracted from 
BC1C2 and BC2C2  
 4*200 double haploids of 4 MARS-
improved populations between 2 DT 
CIMMYT lines and 4 Asian adapted 
elite maize inbreds  
 Effective joint partnership between 
private companies and public 
institutions to run molecular 
breeding 
 GCP Annual Report and 
Medium-Term Plan 
 Research Initiative Product 
Delivery Plans  
 Work Plans and Timelines 
& Milestones documents  
 Final Technical Report and 
Final Financial Report.  
 Annual risk management 
assessment, including an 
up-to-date Risk Assessment 
Matrix 
 Phytosanitary regulations will not 
hamper free movement of 
germplasm between the countries 
involved 
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X. ANNEX 2. INDICATIVE WORKPLAN – TIMELINES & MILESTONES 2012 - 2013 
 
Project Trait Capture for Crop Improvement 
Goal 
Using crop genetic diversity and advanced plant science to improve crop productivity and resilience in drought prone environments for greater 
food security in the developing world. 
Vision of 
Success 
Significant increase in crop productivity, due to the uptake and application of modern breeding techniques and the availability of genomic and 
genetic resources 
   
 2012 2013    
  Activity Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec    
Component  1: 
Cassava 
1                      
1, 2, 3, 4, 
5,                
2                     6            15, 16, 17    
3                     7     18   
19, 
20   21     
4                            
5   13 12 10       8, 9, 11, 14   22         23, 24, 25    
Component 2: 
Wheat  
1         3   4, 1     5   2        4        
2 9     10  
11, 
6, 7    12    8, 13, 9     10           
Component 3: 
Comparative 
Genomics 
1                            
2                            
3         
1, 2, 
3, 4   5, 6, 7, 8, 9      
22, 23, 
24      25    
4 
10, 
11  12    13   14  15, 16          26 
27, 28, 
29, 30, 
31     
5                      17, 18    32    33   
34, 35, 
36     
6     8  9          12                 37    
Component 4: 
Rice 
1            1, 2, 3                
2   
4, 5, 
6     7    8, 9, 10            8, 9, 10    
3                       
18, 19, 
20     
4       11 11 11   
11,12,13, 
14,15            
11, 12, 
13, 14, 15    
5          16  17            21, 22, 23    
Component 5: 
Sorghum 
1  7,8    1      2, 3, 4, 5, 6  9 10   1      
2,6,10,11, 
12,13,14, 
15,16,17 
   
Component 6: 
Legumes 
1            1           2            10    
2   3, 4                      11     12 13   14    
3      5,6      8, 9 15,16      17     18    
Component 7: 
Maize 
1  
1,2, 
3 
       4, 3       3        3, 5, 6    
               
Component 1: Improving cassava yield in Africa’s drought-prone environments (G7010.01) 
Activity 1: Improvement and evaluation of the existing cassava reference set for Africa (G7010.01.01 
Milestone 1 A ‘GCP reference set’ defined, described and documented    
Milestone 2 The SEC Africa component of reference set conserved in vitro, virus tested and available for exchange    
Milestone 3 Complete reference set in vitro and virus tested    
Milestone 4 Complete reference sets available in CIAT and IITA or components available at each location   
Milestone 5 Components of the reference set available in Tanzania, Ghana and Nigeria    
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Activity 2: Improving and Deploying Markers for Biotic Stresses in Cassava (G7010.01.02) 
Milestone 6 At least one SNP marker for CBSD validated  
Milestone 15 At least two genotypes combining CBSD and CMD developed  
Milestone 16 At least two genotypes combining broad resistance to CMD identified  
Milestone 17 Segregation for CGM resistance in developed population evaluated 
               
Activity 3: Implement MARS project for drought tolerance in Africa (G7010.01.03) 
Milestone 7 Second year trial is established            
Milestone 18 Detailed Phenotyping of second year trial            
Milestone 19 QTL mapping analysis is done and QTLs determined for drought tolerance and other traits 
Milestone 20 NARs trained on phenotyping skills           
Milestone 21 Individuals selected for crosses in MARS           
               
Activity 4: Phenotyping cassava for drought tolerance to identify QTLs (G7010.01.04)  
  
Activity 5: Enhance and expand the Cassava Breeding Community of Practice in Africa for accelerated production and dissemination of farmer-preferred cassava varieties resistant to pests and 
diseases (G7010.01.05) 
Milestone 8 Genotypes selected with markers for CMD or CBSD resistance in breeding scheme  
Milestone 9 Five genotypes having at least two sources of CMD resistance  
Milestone 10 Delayed PPD and protein/beta carotene crossed to local germplasm to generate F1 progenies  
Milestone 11 NARS trained in diagnostic analysis for viral diseases  
Milestone 12 S2 population developed  
Milestone 13 MAS conducted in F1S1 and new generation of hybrid developed  
Milestone 14 Workshop on field based strategies and MAS conducted  
Milestone 22 11. S2 with high homozygosity selected with markers, and having good vigor and flowering and used to develop S3  
Milestone 23 S3 individuals with good homozygosity, vigor and flowering selected 
Milestone 24 Superior hybrids with combination of good traits for agronomy traits, pest and disease resistance. New F1 genotypes with good agronomic traits, pest and disease and drought 
developed 
Milestone 25 Two each trained in Ph.D. and M.Sc degree programmes 
               
Component 2: Improving drought tolerance in wheat for Asia (G7010.02) 
Activity 1: Develop wheat breeding and selection strategies to combine and validate QTLs for WUE and heat tolerance in China (G7010.02.01) 
Milestone 1 The tails of populations based on parents in the international core set that showed a differential response to drought stress (based on a drought index calculated from well-watered 
and water limited trials) tested and QTL expression confirmed at Beijing, Hebei, Shanxi and Xinjiang. 
Milestone 2 Confirmation of putative QTLs in Chinese based materials in Chinese environments.   
Milestone 3 Degree of polymorphism and the expression of physiological traits among all parents confirmed in China and crosses with elite Chinese germplasm made.  
Milestone 4 F4 lines (200-300) identified for yield testing (F3 may be yield tested in materials with a winter habit).  
Milestone 5 Confirmation of markers linked to target QTLs in 300-400 F3 lines per cross.       
               
Activity 2: Develop molecular breeding and selection strategies to combine and validate QTLs for improving WUE and heat tolerance of wheat in India (G7010.02.02) 
Milestone 6 The phenotype of local Indian genetic populations (developed or in development)confirmed under stress at the key Indian managed environments 
Milestone 7 Confirmation of putative QTLs in Indian based materials in Indian environments 
Milestone 8 Up to 4 Indian scientists trained in phenotyping protocols for drought-adaptive physiological traits at CIMMYT.  
Milestone 9 ICIS used to produce field books of breeding materials and to manage both phenotypic and genotypic data from MAS and MAB Schemes 
Milestone 10 Backcross derivatives advanced using MAS and traditional and double haploid approaches.  
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Milestone 11 Seed of selected F
4 
lines (200-300) harvested and prepared for yield  
Milestone 12 Four to six graduates (MSc or PhD) trained in India and visits (2-3 times during the course of the project) of Indian researchers to China, Mexico and Australia 
Milestone 13 ICIS used to produce field books of breeding materials and to manage both phenotypic and genotypic data in MARS wheat breeding programs  
Milestone 14 Elite F
5 
progeny identified and selected on the basis of genotype, yield & physiological characters and gene effects estimated 
               
Component 3: Comparative genomics to improve cereal yields in high-Al and low-P soils (G7010.03) 
Activity 1: Cloning, characterisation and validation of Pup1/P efficiency in maize (G7010.03.01)  
               
Activity 2: Cloning, characterisation and validation of AltSB/Al tolerance in maize (G7010.03.02) 
               
Activity 3: Establishing a molecular breeding program based on the aluminum tolerance gene, AltSB, and the P efficiency QTL, Pup-1, for increasing sorghum production in Sub-Saharan Africa - 
(SorghumMB) (G7010.03.03) 
Milestone 1 Minimum of 10 – 15 markers developed for background selection 
Milestone 2 At least five target accessions, as well progenies from Burkina population used as ms3 source used for building RMP for Niger genotyped with SSR and SNPs. 
Milestone 3 At least five target accessions, as well progenies from Mali population used as ms3 source used for building RMP for Mali ., as well original parental materials used for developing 
ms3 population, genotyped with SSR and SNPs. 
Milestone 4 At least five target accession and progenies from Mali population used for building RMP genotyped with SSR and SNP markers 
Milestone 5 Select and adapt RMP for Niger 
Milestone 6 Select and adapt RMP for Kenya 
Milestone 7 Select and adapt RMP for Brazil 
Milestone 8 
Minimum of two S
1 
progenies selected from RMP with Alt
SB 
in Niger  
Milestone 9 
Minimum of two S
1 
progenies selected from RMP with Alt
SB 
in Mali 
Milestone 22 
Minimum of two S
1 
progenies selected from RMP with Alt
SB 
in Kenya (Moi University*)  
Milestone 23 
Minimum of two S
1 
progenies selected from RMP with Pup-1 (or P-efficiency) in Niger 
Milestone 24 
Minimum of two S
1 
progenies selected from RMP with Pup-1(or P-efficiency) in Mali 
Milestone 25 
Minimum of two S
1 
progenies selected from RMP with Pup-1(or P-efficiency) in Kenya 
               
 Activity 4: Improved rice cultivars for Asian problem soils: Pyramiding of major genes/ QTLs for tolerance to phosphorous deficiency and aluminium toxicity (G7010.03.04) 
Milestone 10 Pup1 introgression lines distributed to NARES for integration in local evaluation pipelines 
Milestone 11 Local varieties tested with Pup1 and Al‐tolerance markers to identify suitable  recipient parents   
Milestone 12 Molecular markers available for MABC  
Milestone 13 Agronomic performance and stress tolerance of 30 best Pup1/ Al breeding lines evaluated in comparison with local checks 
Milestone 14 Pup1/drought‐pyramiding line validated under field conditions 
Milestone 15 Al‐tolerance QTLs and genes (AltSB) identified in parallel projects validated in Indonesian varieties  
Milestone 16 Presence of tolerance alleles of Pup1and main Al‐tolerance QTLs in a core set of African rice lines evaluated 
Milestone 26 Seeds and markers shared with NARES 
Milestone 27 Development of local Pup1 varieties facilitated in at least three institutions where marker technology is available (e.g., BRRI, WARDA, partner in India to be defined) 
Milestone 28 Al‐tolerance level in lines from the parallel projects evaluated in pot and field trials in Indonesia using acidic soil with high Al saturation 
Milestone 29 At least one Al‐tolerance QTL introgressed into at least one Pup1breeding line and validated 
Milestone 30 Depending on the progress made with the development of dual tolerance, Pup1/drought and Pup1/ aluminum will be crossed for pyramiding all three target QTLs into one recipient 
parent 
Milestone 31 Yield trials of best Pup1/Al breeding lines from Asia if earlier tests indicate sufficient adaptation to African conditions. Alternatively: initiate MAB of Pup1/Al tolerance into two African 
rice cultivars 
               
Activity 5: Marker-assisted backcrossing for improving phosphorous-use efficiency and tolerance to aluminium toxicity via Pup-1 and AltSB genes in maize (G7010.03.05) 
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Milestone 17 A group of topcross hybrids contrasting for P efficiency in soil evaluated on Kenyan acid soils with low and high P in medium and high altitude    
Milestone 18 Single cross hybrids and/or a multiple tolerance synthetic pyramiding Al tolerance and P efficiency evaluated on Kenyan acid soils  
Milestone 32 At least 10 superior maize single cross hybrids derived from Al tolerant and P efficient lines identified 
Milestone 33 One F2:3 mapping population for Al tolerance obtained from Kenyan lines 
Milestone 34 At least one maize line from Brazil introgressed with Z mMATE/Al tolerance QTLs 
Milestone 35 At least one maize line from Kenya introgressed with ZmMATE/Al tolerance QTLs 
Milestone 36 One maize synthetic with multiple stress tolerant obtained 
               
Activity 6: Improving phosphorus efficiency in sorghum by the identification and validation of sorghum homologs for Pup1, a major QTL underlying phosphorus uptake in rice, and identification of other 
P efficiency QTLs (G7010.03.06) 
Milestone 19 70 sorghum lines characterized for P acquisition (stover yield and P content) in Mali  
Milestone 20 70 sorghum lines characterized for grain yield and grain P content in Mali  
Milestone 21 Markers for functional Pup1 homologs  
Milestone 37 One or more pairs of contrasting isogenic lines developed based on associated loci  
               
Component 4: Improving drought tolerance in rice for Africa (G7010.04 
Activity 1: Characterisation of the drought profiles of the inland valley lowland target population environments (IV-TPE), including establishment of drought evaluation sites and designs, and description 
of ideotypes fitting major sub-classes of TPE 
Milestone 1 Farmer survey form  
Milestone 2 Report on farmer surveys and IV-TPE characterization 
Milestone 3 Report on most likely drought scenarios in IV-TPE input to WP2 for controlled phenotyping 
               
Activity 2: Phenotyping of the GCP Phase 1 genetic materials, MARS populations, and promising lines in various target environments for yield potential, drought tolerance and other traits of interest 
using novel phenotyping methodologies enabling an efficient separation of genetic and environmental effects 
Milestone 4 5–10 lines developed from the one MARS population   
Milestone 5 10–30 lines developed from the cycle of recombination of the first MARS populations   
Milestone 6 Set of 10–20 lines with medium to high yield potential and drought tolerance in rainfed lowland ecosystem   
Milestone 7 Phenotyping data on drought tolerance under controlled conditions and for secondary traits for one population of 250 F3:5 lines obtained at AfricaRice 
Milestone 8 Phenotyping data for drought tolerance of one population in Burkina Faso, Mali, Nigeria and at AfricaRice 
Milestone 9 Experimental protocols for phenotyping under controlled drought conditions and for field phenotyping 
Milestone 10 Fine-tuned experimental protocols for phenotyping under controlled conditions 
               
Activity 3: Integrating the information on drought profiles with novel phenotyping methodologies in a marker-assisted recurrent selection (MARS) scheme to develop better adapted germplasm 
combining favorable QTL alleles for drought adaptation and productivity for each major target environment in Burkina Faso, Mali and Nigeria 
Milestone 18 One MARS population (at least 300 leaf samples) collected, labeled, stored at AfricaRice 
Milestone 19 One MARS population genotyped through MBP with SNP 
Milestone 20 Six to ten QTLs for target traits and environments identified in the MARS population 
               
Activity 4: Establishing a rice molecular biology and breeding community of practice for West Africa. 
Milestone 11 Three reports written on information skills exchange between NARS        
Milestone 12 Three PhD candidates identified and their theses presented        
Milestone 13 Group training on yield potential and drought phenotyping held        
Milestone 14 Workshop on QTL analysis and genotype construction held 
Milestone 15 Reports on germplasm exchanges within the network 
               
Activity 5: Project and information management 
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Milestone 16 One annual report produced           
Milestone 17 Mid-term evaluation of the project           
Milestone 21 Data-collecting template developed for site characterization and for phenotyping activities 
Milestone 22 Analysis pipelines developed for phenotyping and genotyping data 
Milestone 23 A database for molecular breeding established at AfricaRice and in NARS countries 
               
Component 5: Improving drought tolerance in sorghum for Africa (G7010.05) 
Activity 1: Enhancing sorghum grain yield and quality for the Sudano-Sahelian zone of West Africa using the backcross nested association mapping (BCNAM) approach (G7010.05.01) 
Milestone 1 40 to 50 populations of 100 BC1F4 derived lines are available in June 2012 (20 for ICRISAT, 20 to 30 for IER).  
Milestone 2 Climatic data are collected. Database at Sotuba.  
Milestone 3 The relative maturity and photosensitivity of the BC1F4 derived lines is known. Groups of photosensitivity (ICRISAT and IER).  
Milestone 4 Templates, Fieldbooks and databases with phenotyic data are available for analysis (IER for 2-3000 lines, ICRISAT 2000 lines tested at 2 stations)  
Milestone 5 Handheld computers for use in field data recording tested (ICRISAT, IER)  
Milestone 6 6 Bachelor's degree students (2 students each year), 2 Msc and 2 PhD students are trained (IER, ICRISAT)  
Milestone 7 Breeders involved in the project can apply the BCNAM analysis for the identification of beneficial genomic regions for superior breeding lines  
Milestone 8 5 regional scientists are trained to integrate breeding and molecular technologies in their programs 
Milestone 9 Favourable grain yield and quality bearing genomic regions are identified  
Milestone 10 Crosses design identified for recurrent selection and for multi-allelic MARS design 
Milestone 11 First F1 seeds available 
Milestone 12 Yield potential of BC1F4 lines is known (ICRISAT and IER). 
Milestone 13 Grain quality of BC1F4 lines is known 
Milestone 14 Identification of 3-4 best populations for drought tolerance with enhanced yield components for each environment 
Milestone 15 Database with marker data available for analysis 
Milestone 16 Favourable genomic regions and alleles confirmed, published 
Milestone 17 A final workshop is held 
               
Component 6: Improving drought tolerance in legumes (G7010.06 and G7010.07) 
Activity 1: Accelerating development of genomic resources and strengthening NARS partner capacities for enhancing adoption of molecular breeding for drought tolerance in chickpea (G7010.06.01) 
Milestone 1 Sequence data for selected BAC contigs for 6 genomic regions generated      
Milestone 2 4 Additional markers from each of selected 5 QTL regions generated  
Milestone 10 4 MSc and 2 PhD students trained in chickpea genomics 
               
Activity 2: Improving cowpea productivity for marginal environments in Africa (G7010.07.01) 
Milestone 3 MARS cycle 2; 1,800 samples genotyped         
Milestone 4 Cycle 2 6 crosses made 6 F1 advanced one generation; 6 populations of 300 F2-3 individuals developed for phenotyping. 
Milestone 11  Cycle 3: 6 crosses made, 6 F1 advanced one generation; 6 populations of 300 F2:3 individuals developed for phenotyping 
Milestone 12 MARS Cycle 3: 1,800 samples genotyped 
Milestone 13 2 improved decision support tools and selection indices created or optimized for cycle 2 and 3 selections 
Milestone 14 Advanced versions of ICIS, electronic fieldbooks, LIMS system and breeding tools implemented in 3 NARS 
               
Activity 3: Dry bean improvement and marker assisted selection for diseases and abiotic stresses in Central America and the Caribbean (G4008.11) 
Milestone 5 2,200 genotypes evaluated with minimum of 36 SSR markers to compare worldwide collection; 1 student trained in this activity 
Milestone 6 2 training events held for marker assisted selection techniques in BGYMV and root rot resistance breeding 
Milestone 8 15 populations advanced to F4 generation or above         
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Milestone 9 SCAR markers identified and validated for  BGYMV and root rot resistance traits       
Milestone 15 Two sets of NILs with and without carrying specific markers related to root rot resistance  
Milestone 16 4 nurseries (drought (+/-) disease resistance in each seed class) with 30+ lines each 
Milestone 17 Minimum of 3 nurseries and 3 sites per nursery evaluated 
Milestone 18 20 best advanced lines distributed more broadly in 5 additional countries 
               
Component 7: Improving drought tolerance in maize for Asia (G4008.56) 
 Activity 1: Improving drought tolerance in maize for Asia (G4008.56) 
Milestone 1 Haploid kernels produced from top fraction cycle 2 of 4-6 populations between two DT CIMMYT line and 4-6 Asian adapted elite maize inbreds  
Milestone 2 Molecular information made available through IMIS or comparable public data bases       
Milestone 3 Germplasm development plan implemented in collaboration with partners     
Milestone 4 4*200 doubled haploids of 4 MARS-improved populations between two DT CIMMYT line and 4 Asian adapted elite maize inbreds  
Milestone 5 Best DT elite Asia adapted inbreds identified  
Milestone 6 DT Asia adapted inbreds announced as international public good 
               
 42 
XI. ANNEX 3. DETAILED BUDGET ALLOCATION  
 
Generation Challenge Programme       
Trait Capture for crop Improvement        
        
GCP Budget Allocation (July 2012 - December 2013)       
        
  2012  2013  Total  
  in Euro  in Euro  in Euro  
Description (million)   (million)   (million)  
Improving cassava yield in Africa's drought-prone environments       
 Personnel Cost 0.015  0.031  0.045  
 Travel 0.002  0.003  0.006  
 Supplies and Services 0.021  0.023  0.044  
 Partners / Collaborators (ARIs, CG Centers and NARS) 0.439  0.349  0.788  
 Consultancy (Product Delivery Coordinators) 0.004  0.008  0.013  
 Contingency Research Expenses 0.006  0.006  0.012  
Total   0.487   0.421   0.908  
Improving drought tolerance in wheat for Asia       
 Personnel Cost 0.016  0.041  0.057  
 Travel 0.002  0.003  0.006  
 Supplies and Services 0.022  0.027  0.049  
 Partners / Collaborators (ARIs, CG Centers and NARS) 0.471  0.471  0.942  
 Consultancy (Product Delivery Coordinators) 0.012  0.024  0.036  
 Contingency Research Expenses 0.006  0.006  0.012  
Total   0.529   0.573   1.102  
Comparative genomics to improve cereal yieldS in high-Al and low-P soils      
 Personnel Cost 0.015  0.047  0.062  
 Travel 0.002  0.003  0.006  
 Supplies and Services 0.021  0.026  0.047  
 Partners / Collaborators (ARIs, CG Centers and NARS) 0.449  0.540  0.989  
 Consultancy (Product Delivery Coordinators) 0.000  0.006  0.006  
 Contingency Research Expenses 0.000  0.006  0.006  
Total   0.487   0.630   1.117  
Improving drought tolerance in rice for Africa       
 Personnel Cost 0.018  0.051  0.069  
 Travel 0.002  0.003  0.006  
 Supplies and Services 0.025  0.031  0.056  
 Partners / Collaborators (ARIs, CG Centers and NARS) 0.537  0.578  1.115  
 Consultancy (Product Delivery Coordinators) 0.000  0.011  0.011  
 Contingency Research Expenses 0.000  0.006  0.006  
Total   0.583   0.680   1.263  
 43 
  2012  2013  Total  
  in Euro  in Euro  in Euro  
Description (million)   (million)   (million)  
Improving drought tolerance in sorghum for Africa       
 Personnel Cost 0.012  0.029  0.041  
 Travel 0.002  0.003  0.006  
 Supplies and Services 0.017  0.020  0.037  
 Partners / Collaborators (ARIs, CG Centers and NARS) 0.361  0.330  0.691  
 Consultancy (Product Delivery Coordinators) 0.000  0.008  0.008  
 Contingency Research Expenses 0.000  0.006  0.006  
Total   0.392   0.397   0.789  
        
Improving drought tolerance in legumes       
 Personnel Cost 0.011  0.022  0.033  
 Travel 0.002  0.003  0.006  
 Supplies and Services 0.015  0.018  0.033  
 Partners / Collaborators (ARIs, CG Centers and NARS) 0.319  0.255  0.575  
 Consultancy (Product Delivery Coordinators) 0.000  0.035  0.035  
 Contingency Research Expenses 0.000  0.018  0.018  
Total   0.347   0.352   0.699  
        
Improving drought tolerance in Maize for Asia       
 Personnel Cost 0.005  0.004  0.009  
 Travel 0.002  0.003  0.006  
 Supplies and Services 0.001  0.001  0.002  
 Partners / Collaborators (ARIs, CG Centers and NARS) 0.161  0.040  0.201  
 Consultancy (Product Delivery Coordinators) 0.003  0.000  0.003  
 Contingency Research Expenses 0.003  0.000  0.003  
Total   0.175   0.048   0.223  
        
Grand Total 3.000   3.100   6.100  
        
Summary per cost category 2012   2013  Total % 
 Personnel Cost 0.092      0.225      0.317  5  
 Travel 0.015      0.023      0.039  1  
 Supplies and Services 0.123      0.145      0.268  4  
 Partners / Collaborators (ARIs, CG Centers and NARS) 2.737      2.565      5.302  87  
 Consultancy (Product Delivery Coordinators) 0.019      0.093      0.112  2  
 Contingency Research Expenses 0.015      0.048      0.063  1  
Total 3.000      3.100      6.100  100  
 
